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TECHNICAL NOTE 4h405

FREE-FLIGHT INVESTIGATION TO DETERMINE THE
DRAG OF FLAT- AND VEE-WINDSHIELD CANOPIES ON A PARABOLIC
FUSELAGE WITH AND WITHOUT TRANSONIC INDENTATION BETWEEN
MACH NUMBERS OF 0.75 AND 1.35

By Walter L. Kouyoumjian and Sherwood Hoffman
SUMMARY

A free-flight investigation was conducted between Mach numbers of
0.75 and 1.35 to determine the effects on model total drag and pressure
drag of (a) cenopy location (along a parabolic body of revolution),

(b) canopy windshield shape, (c) canopy fineness ratio, end (d) transonic-
area-rule indentation.

The results of the lnvestigation indicated that moving a 63° swept-
back Flat-windshield canopy rearward, from near the body nose to the
maximum body diameter location, increased the model drag coefficients
at transonic and low supersonic speeds. Changing to a vee-shaped wind-
shield resulted in a negligible change in drag coefficient compared with
that for the flat-windshield canopy. When the canopy fineness ratio was
changed from T7.00 to 4.50 by shortening the canopy afterbody shape, the
drag coefficients obtained for the short canopy were appreclably higher
than those for the long canopy. The transonic-area-rule indentation
proved effective in decreasing the pressure drag of all the canopy-
fuselage combinations investigated to values within 10 percent of the
pressure drag obtained for the basic parabolic body alone near a Mach
number of 1.00. The effectiveness of the transonic-area-rule indentation
decreased with increasing flight Mach number. Comparison of the theoret-
ical and experimental pressure drag coefficients for approximately half
of the number of canopies investligated indicated that the area-rule theory
predicts the order of magnitude of the pressure drag and the qualitative
difference in pressure drag due to the configuration modifications at
transonic and low supersonic speeds.

INTRODUCTION

The present investigation was conducted to determine the drag char-
acteristics of several canopy-body combinations at transonic speeds.
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Other investigations of canopy-body combinastions are presented in refer-
ences 1 and 2. The flight Mach number range for the present investigation
was from 0.75 to 1.35 and the Reynolds number per foot veried from

k.5 x 106 to 9.5 X 106 over the flight Mach number range. The basic
fuselage used in this lnvestigation was a smooth parabolic body of revo-
lution with a fineness ratio of 10 and with the maxlimum dlameter located
at the 4O-percent body station. The canoples were designed to investi-
gate some effects of windshield shape, canopy length, and canopy loca-
tion on the drag of fuselages with and without transonic-area-rule Ilnden-
tations. The canopies investigated consisted of flat-windshield canopiles
having equivalent body fineness ratios of about 7.00 and 4.50 end a vee-
windshield canopy having an equivalent body fineness ratio of about T.00.
These fineness ratios are referred to as nominal fineness ratios for

the purpose of indentification only since the actual canopy equivalent
body fineness ratio changed slightly (table I) when the canopy position
was varied and the fuselage indented.

The models that were flight tested without area-rule indentation
had the same basic parabolic fuselage shape, whereas the models that
were indented according to the area rule were contoured symmetrically
for a Mach number 1.00 indentation to have the same cross-sectionsl area
distribution and volume as the basic body alone. Although the canopy
locations and shapes were varled, the Indented models allow a compara-
tive evaluation of the local interference effecis on pressure drag at
transonic speeds.

SYMBOLS

A cross-sectional area, sq in.

a acceleration, tangent to flight trajectory, g units

Cp total drag coefficlent based on a fuselage reference area of
19.63 sq in.

ACD pressure drag coefficient (Total drag coefficient at supersonic
speeds - Total drag coefficient at M, = 0.8)

Ta canopy radius coordinate, in.

g acceleration due to gravity, ft/sec2

3 length of fuselage forebody, in.

M free-stream Mach number
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S reference area (19.63 sq in.)
W welght of model, 1b
b 4 longitudinal distance coordinate measured from tip, in.
Yo canopy center-line reference coordinate, in.
Yo fuselage radius coordinate, in.
q dynamic pressure, 1b/sq in.
7 flight-path angle, deg
MODELS

A total of 10 canopy-fuselage models plus one basic body alone were
tested during this investigation. Table I presents & summsry of the
10 models and includes the position of the canopy-fuselasge intersection
in terms of the forebody length, x/z. The fuselege and canopy coordinates
for all 11 models are presented in tables II and ITI. Figure 1(a) pre-
sents a general sketch of the basic body, including the staebilizing fins.
The baslc body wes composed of two parsbolas of revolution which were
Joined at the LO-percent station. The total length of the basic body
(excluding fins) was 50 inches and the maximum body diameter at the
LO-percent station was 5 inches. Figures 1(b) and 1(c) show the details
of the flat-windshield and vee-windshield canoples, respectively. The
canopies were divided into three groups: the first two groups were the
flat-windshield canopies with nominal fineness ratios of 7.00 and 4.50;
the third group consisted of the vee-windshield canopy with & nominal
fineness ratio of 7.00. The actual canopy fineness ratios (table I)
were obtaeined from equivalent bodles of revolution that had the same
cross-sectional area distributions as the exposed canopies messured per-
pendiculsr to the fuselage center lines of the models tested.

The basic cross section of the canopies used was & circuler arc,
the locus of the centers of which was defined by the distance Ve

measured from a canopy base reference line. The canoplies used in the
investigation were all patterned from the basic canopy. The solid core
of the canopy was hollowed sufficiently to allow the canopy to touch the
fuselage surface at the canopy foremost and rearmost points. Therefore,
the locatlon of the canopy base reference line was lowered and rotated
because the canopy was positioned on the fuselage surface; and the
distance between the fuselage surface and the fuselage center line dimin-
ished whereas the canopy coordinates remained constant. The individual
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canopies were faired to the fuselage by dropping vertical lines from
the canopy maximum width to the fuselage surface; for the indented
models, the volume added by this method of fairing was considered and .
added to the volume of the fuselage to be removed. The flat-windshield ' -
cenopy was obtained by cutting the basic canopy by a plane inclined 63° .
from the (vertical) Y-axis and intersecting the canopy at a point just .
before the canopy maximum radius coordinste. The vee-windshield canopy

was obtalned by passing two cutting planes through the baslc canopy so -
that the planes were at an angle of 45° with the locus of canopy redius
centers and skewed at an angle of 28.4° from the horizontal. The inter-
section of the two cutting plenes was a straight line inclined from the
vertical by 61.6° and faired into the canopy body with & smooth curve.
The short canopy (flat, with & fineness ratioc of 4.50) had the same
windshield shape and frontal area as the long canopy, inasmuch as the
afterbody of the long canopy was shortened to give the final profile

for the short canopy.

Figure 2 presents photographs of a typlcal nonindented fuselage
model and also a typlcal indented fuselage model. Flgure 3 shows
close-up photographs of all the canopy-fuselage models tested during
the investigation. Figure 4 presents a comparison of the cross- .
sectlonal area distributions normal to the fuselage axis of all the v
models. ' =

TESTS

The models were flight tested at the Langley Pilotless Aircraft
Research Station at Wallops Island, Va. Each of the models was boosted
to meximum flight velocity by & fin-stabilized 65-inch HVAR motor. A
photograph of the booster motor and a typlcal model on & rail launcher _
prior to firing 1s shown in figure 5. ' -

The models were ballasted to trim out at very low trim 1lift coeffi-
clents or approximately at zero 1lift. The experimental date for this
investigation were taken from ground tracking radar by using a CW Doppler
rader unit {and corrected for winds aloft) for velocity end a modified
SCR-584 rader unit for trajectory measurements. Atmospheric conditions .
and winds aloft were measured at the time of each flight by balloon- _
carried rawinsonde. —

DATA REDUCTION AND ANALYSIS

The total drag coefficient for each model was computed, during the L
decelerating portion of each flight, from the relation
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11 = e cme— 8 + Sin Y

where the acceleration a was obtained by differentiating the velocliy-
time curve of the CW Doppler rader unit. The values of q and 7y were
obtained from measurements of tangentisl veloclty and atmospheric condi-
tions along the traJectory. The accuracy of the total drag coefficient
(based on the fuselage meximum cross-sectional area) was estimated to

be within +0.005 st supersonic speeds end within +0.0l at subsonic and
transonic speeds. The Mach numbers were determined within £0.005 for
the flight range. The experimental drag-rise coefficients ACpH were

defined as the difference between the total drag coefficient and friction
drag coefficient at corresponding Mach numbers. The friction drag through
the Mach number range was determined by adjusting the subsonic drag level
of each model for Reynolds number effect by using the equations of

Van Driest (ref. 3). A rather prominent joint existed where the fuselage
tip joined the fuselage. (See fig. 2.) It was assumed that the boundary
layers over the fuselage and canoples were altogether turbulent, being
fixed by this joint, and that transition occurred at the 50-percent-chord
station for the fins. No adjustments were made for the base drag coeffi-
cient of the models. Reference L4 indicates that, for afterbodies similar
to those used in this Investigation, the base drag level is of the order
of accuracy of the drag measurements and can be neglected.

The theoretical pressure drag coefficients were computed for models A,
B, C, E, G, and T by using the supersonic area rule of reference 5. The
procedure is described in reference 6, and reference T provides informa-
tion as to the convergence of the Fourier series used in the computations.
Since the models with canopies were unsymmetrical, it wes necessary to
obtain slopes of areas distribution for 180° of roll of the configuration
with respect to the Mach cone. The five roll angles for the computations
used corresponded to angles of 09, 450, 909, 1350, and 180° at a free-
stream Mach number of 1.35. All the area distributions and their slopes
were determined grephically. The Fourier sine series used for caslculating
the pressure drags were evaluated for 33 harmonics and plots of these
series indicated that they were convergent.

RESULTS AND DISCUSSION

The models used in the present lnvestigation were flight tested
through a Mach number range of 0.75 to 1.35. The corresponding Reynolds

number (per foot) range was from 4.5 X 106 to 9.5 % 106 as shown in
figure 6. The resultant variation of total drag and pressure drag coeffi-
cients with Mach number is given in figures 7 to 18.
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Effect of Canopy Location

The effects of canopy location on the total drag coefficient for
the flat-windshield canopy of fineness ratio 7.00 mounted on the nonin-
dented and indented bodies are presented in figures 7(a) and 7(b), respec-
tively. The curves of total drag coefflcient for models A, B, and C {non-
indented bodies) show that moving the canopy rearward increased the total
drag level of the canopy-fuselage configuration for the transonic and
supersonic speed range.

Figure 7(b) shows the variation of total drag coefficlent with
canopy location for the indented models D, E, and F and shows that the
forward canopy location (model D) had the lowest supersonic drag coeffi-
cient but that the model with the highest drag coefficient was model E
(canopy with x/z = 0.50). Since these thréé models were indented to
give the same total cross-sectional area distribution as the basic body
salone, the variatlion of total drag coefficlents near M, = 1.00 for the
three models must be attributed to the accuracy of the deta and to local
interference effects. However, the variation of the total drag coeffi-
cient at M, = 1.00 for the three indented bodies was within 10 percent

of the total drag coefflcient for the basic body alone.

The effects of the canopy location on the pressure drag coefficient
are presented in figures 8(a) and 8(b) for the nonindented and indented
models, respectively. Figure 8(a) presents the drag rise for the flat-
windshield cenopies on the nonindented fuselage; also presented in fig-
ure 8(a) are the theoretical drag coefficients predicted by the supersonic-
area-rule theory. From a comparison of the theoretical and experimental
curves in filgure 8(&), it is noted that there is an overall relatlve con-
sistency in the level of predicted wave drag coefficlents and the experi-
mental results; hence it seems feasible to use the area-rule theory to
predict the pressure drag coefficilents expected from & configuration
modification. In figure 4 moving the canoples rearward Ilncreased the
meximum cross-sectionsl ares of the configurations and appeers to lncrease
the rate of change of the total cross-sectional area distributlion in the
vicinity of the canopy. These changes correspond to the increase in drag
as the canopy is moved rearward.

The drag-rise coefficlents for the indented fuselage models are pre-
sented in figure 8(b). The results show that ACp increases as the

cenoples are moved rearward for transonic and low supersonic speeds,
although this was not exactly the case in the total drags shown in

figure T(b).
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Effect of Area-Rule Indentation

- Figures 9 to 13 present the effect of area-rule indentation on the
total drag and the pressure drag coefficients for each canopy tested.
Also presented are the curves for the basic body alone in order to pro-
vide a convenient method of comparing the effects of the areas-rule
indentation. In genersl, the area-rule indentation served to reduce the
totel drag and the pressure drag at the transonic and low supersonic
speeds for all the models investigated. The results also show that the
effectiveness of the area-rule indentation decreased as the flight Mach
number increased. Figure 14 is included to present a summary plot of
all the indented models tested during this investigation. Since all the
indented models had the same area distribution and volume, the differences
in drag rise shown near M = 1.0 are due to both local interference and
experimental error.

Effect of Canopy Fineness Ratio

The curves of figures 15 and 16 present the variation of total snd
pressure drag coefficients for the flat-windshield canopies of fineness
ratio 7.00 and 4.50 mounted on the nonindented and indented parabolic
bodies.

The curves of figure 15 show that for & nonindented model the short
canopy hes higher total and pressure drags than the long canopy. The
theoretical calculation of pressure drag predicted that the short canopy
would haeve a high pressure drag coefficient and the experimental results
verified the prediction. .

Figure 16 shows the effect of indenting the fuselage for the short
canopy and 1t asppears that the total and pressure drags of the short
canopy are still noticeably higher than those of the indented model with
the long canopy.

Effect of Windshield Shape

Figure 17 presents the variation of total and pressure drag coeffi-
cients for the flat- and vee-windshield canopies of fineness ratio T.00
mounted on the nonindented fuselage. The curves show that there was
relatively little difference in total drag between the two windshield
shapes investigated. The theoretical calculations of pressure drag pre-
dicted also that the vee windshield would have slightly higher pressure
drag than the flat windshield.

Figure 18 presents the results for the two windshield shapes mounted
on indented fuselages. The results indicate a negligible varistion in
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total and pressure drags at the transonic and low supersonic speeds and
there appears to be an increasing difference in total and pressure drags
for the two windshlelds as the flight velocity increases.

CONCLUDING REMARKS

The present investiligation was conducted to determine the total drag
and pressure drag coefficients of several canopy-fuselage combinations
and to determine the effect on the drag coefficlent of canopy location
along the basic parabolic fuselage, windshield shape, canopy fineness
ratio, and area-rule indentation. The flight tests were conducted with
free-flight models flown through a Mach number range of 0.75 to 1.35.

The date included comparison of experimentel results with the theoretical
pressure drag coefficients which were computed for some of the models
tested by using the supersonic-area-rule theory.

The tests of the canopies on the parabolic fuselage showed that
the total drag and pressure drag increased as the canopy location was
moved rearward to the maximum body diameter station. There was, a neg-
ligible difference in drag due to windshield shape. The effect of
fineness ratio was to increase the drag when the canopy fineness ratio
was decreased.

Indenting the fuselage for a Mach number of 1.00 lowered the total
drag and pressure drag coefficlents at the transonlc and low supersonic
speeds for all the canopies tested. The effectiveness of the indenta-
tion decreased with incressing Mach number. Comparison of the model
pressure drag determined by the area-rule theory with the experimental
results indicated favorable correlstion in the abllity of the area-rule
theory to predict pressure drag varlations with canopy configuration
modifications. Since the five indented models tested had the same total
cross-sectional area and volume distributions, the differences in drag
obtained at transonic and low supersonic speeds, for these models, were
due to both local interference effects and experimental error.

Langley Aeronautical Leboratory,
Natlonal Advisory Committee for Aeronautics,
Langley Field, Va., September 2, 1958.
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TABLE I
DESCRIPTION OF MODELS
Canopy
Windshield fineness ratio Canopy
Model shape location, Fuselage
Nominal | Actual x/1
A Flat T7.00 T.00 0.30 Nonlndented
B Flat 7.00 T.07 .50 Nonindented
c Flat 7.00 6.93 .5 Nonindented
D Flat T.00 6.05 .30 Indented
E Flat 7.00 6.35 .50 Indented
F Flat 7.00 6.35 .75 Indented
G Flat 4 .50 k.55 .50 Nonindented
H Flat 4 .50 4.10 .50 Indented
I Vee T.00 T.57 45 Nonindented
J Vee 7.00 6.81 45 Indented
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FUSELAGE COORDINATES
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(b) Model D
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are the same as the basic body
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coordinates,
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TABLE III
CANOPY COORDINATES

I:Station measured from canopy leading edge__l

(a) Models A to F (b) Models G and H (c¢) Models I and J

Station, yc, in. Ta, in. Station,yc, in. rc, in. Station,yc, in. rc, in.
in in. in.

0 2.250 | 0.625 0 2.250 | 0.625 0 2.095 | 0.115
1.0 2.200 .825 1 2.200 .825 1 2.200 .550
2.0 2.335 | 1.125 2 2.3%35 | 1.125 2 2.305 .955
3.0 2.495 | 1.350 3 2.495 1§ 1.350 3 2.500 | 1.215
4.0 2.585 | 1.395 b 2.585 t 1.395 I 2.505 | 1.360
5.0 2.650 | 1.350 5 2.680 | 1.285 5 2.585 | 1.395
6.0 2.695 t 1.275 6 2.710 | 1.110 6 2.650 | 1.350
7.0 2.730 | 1L.175 7 2.690 | .905 7 2.695 | 1.275
8.0 2.750 | 1.060 8 2.635 675 8 2.730 | 1.175
9.0 2.765 .935 9 2.650 .310 9 2.750 | 1.060
10.0 2.760 .815 10 2.765 .9%5
11.0 2.750 695 11 2.760 815
12.0 2.739 545 12 2.750 .695
13.0 2.740 365 13 2.735 545
1%.0 2.765 .163 1h 2.740 .365
15 2.765 .163
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Model D (Indented)

Figure 2.- Typical canopy-fuselage-fin configuration
and indented .model.

L-58-2533

showing nonindented,
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(¢) Model C. . I~58-2534

Figure 3.- Photographs of the models tested showing the various
fuselage-canopy combinations.
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(f) Model F.

Figure 3.- Continued.

L-58-2535
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(3) Model J.

Figure 3.- Concluded.

L-58-2536
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L-9k729.1
Figure 5.- Photograph of a typical model and booster arrangement on the

launcher prior to launching.
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Figure 6.- Variation of Reynolds number with Mach number for models tected.
based on length of 1 foot.)
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—————1Nodel 4, x/I = 0,30———— Nodel D, x/I = 0.30

———————Nodel B, x/1 = 0¢50-———~—— Model E, x/l = 0.50
————1Model C, x/1 = 0. T5——— Model F, x/1 = 0.75
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oy
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0
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(b) Indented models.

Figure 7.- Variation of total drag coefficilent with Mach number for the
flat-windshield canopies of fineness ratio T.00 showing the effect of
canopy longitudinal location on drag.
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(b) Indented models.

Figure 8.- Variation of pressure drag coefficilent with Mach number for
the flat-windshield cancopy of fineness ratio 7.00 showing the effect

of canopy longitudinal locatlion on drag.
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¥odel A, nonindented
Hodel D, Ilndented

Basic body
ol =
Model A
3 == ===
- 1
',’ 1 ¥odel D
Cp ,2 i
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07 .8 9 1.0 1.1 1.2 1.3 14
M
(a) Total drag.
3
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acy, +
a L = & ltoa';l D
A o
ol V.
V|
Q, 1
«T. «8 o9 1.0 1.1 1.2 1.3 1.
M,

(b) Pressure drag.

Figure 9.- Effect of indentation on total drag and pressure drag for the

model with the flat-windshield canopy of fineness ratio 7.00 at the
forward position (x/1 = 0.30).
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———eae——— Model B, nonindented
Model E, indented
Basic body
ceves s anaess Theory
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Nodel B
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(a) Total drag:™
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71 Al
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M,
(v) Pressure drag.
Figure 10.- Effect of indentation on total drag and pressure drag for

the model with the flat-wlndshield cancpy of fineness ratio 7.00 at
the midposition (x/1 = 0.50).
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—_——— — —  Model C, nonindented

Model F, indented
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Figure 11.- Effect of indentation on total drag and pressure drag for
the model with the flat-windshield canopy of fineness ratio 7.00 at
the rear position (x/1 = 0.75).
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Figure 12.- Effect of indentation on total drag end pressure drag for

the model with the flat-windshield cenopy of fineness ratio 4.50 at
the midposition (x/1 = 0.50).
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Figure 13.- Effect of indentation on total drag and pressure drag for

the model with the vee-windshield canopy of fineness ratio 7.00 at
the midposition (x/1 = 0.50).
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Figure 1k.- Summary of total drag coefficients and pressure drag coeffi-
cients for all area-rule-indented models investigated. '



NACA TN hhos 31

______ Model B, fineness ratio T.00
— == —— DMNodel G, finenesa ratio L50
Basic body
*» « e % e Theory

. T T (O
ol S
H Mode) g
e
A 1 ~
03 I 4 _HOCOJB,
Op .2
o1
o7 .8 K 1.0 1.1 1.2 1.3 1.
My
(a) Total drag.
3
Model G T
= valll
2 0 Stetetasls - T
b L1
am Model B
4% T
-1 bt il
». I
V.
0 —
T .8 9 1,0 1.1 1.2 1,3 1.k

X
(b) Pressure drag.
Figure 15.- Comparison of total drag and pressure drag coefficients of

models with flat-windshield canopies of fineness ratio T.00 and 4.50
at the midposition (x/1 = 0.50) on the nonindented fuselage.
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Figure 16.- Compesrison of total drag and pressure drag coefficients of

models with flat-windshield canopies of Tineness ratio 7.00 and 4.50
at the midposition (x/1 = 0.50) on the indented fuselage.
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Figure 17.- Comparison of totel drag and pressure dreg coefficients of
fineness-ratio-7.00 canopies with flat and vee windshields gt mid-
position (x/1 = 0.50) on the nonindented fuselage.
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